The propulsive efficiency is enhanced with the increase of the Reynolds number.
The advancing thrust mainly comes from the aft part of the plate and the modification of the plate shape can improve the propulsive efficiency. The present study is expected to be applied for the development of a propulsor for micro-hydro-machine.
Introduction
The flow field around a swimming fish or an aquatic mammal has been investigated for a long time by the researchers in various field of study such as biology, showed the fish-like motion was effective to get propulsive force. In that paper, three motion models were compared to each other and meaningful conclusion was drawn to produce a large mean thrust. Kim et al.9 ) investigated a peristaltic propulsion in highly viscous fluid, and found that the effective motion of peristaltic propulsion depends on the Reynolds number. The present paper focuses on the relationship between the propulsive efficiency and Reynolds number, Strouhal number and the shape of the plate through the simulation of unsteady flow around an undulating plate in low Reynolds number range.
Modeling of wavy oscillating plate
The simulated undulating body is a rectangular plate with aspect ratio of 1/3, which undulates actively in unbounded oncoming flow, where x, y and z are the stream-wise, the lateral and the vertical coordinates whose origin locates at the leading edge of the plate. All variables are normalized by the plate length L and oncoming velocity U, as well as the time is normalized by L/ U. The movement of the waving plate in y direction is given as following, ( 1 ) 
Eq. ( 2 ) waves from the leading edge toward the trailing edge.
Typical loci for different h are shown in Fig. 1 4. 3 Self-propulsion condition The total force acting on the plate varies during the undulating motion.
Therefore, in the present study, self -propulsion is defined as the condition where the timeaveraged total force becomes zero. The phase velocity
Sp is tuned to find the self propulsion condition. The related parameters are as follows, It is found that the amplitude of CFx is smaller than that of CPx. Table  2 Parameters chosen by water animals of Japan, Vol. 188 generates thrust. When the thrust reaches the mini mum, there is only one zone where thrust is generated. Fig. 4 respectively show velocity distributions (u-v) on the symmetric plane (z =0) at the same time instant.
As shown in Fig. 4 , the generation of vortex, which is thought to be meaningful for thrust force, is due to a great extent to the plate motion. The velocity in wake behind the plate is higher when the thrust reaches maximum. Table 4 shows the calculated self-propulsion condition at Re=1 000, a=0.1, n=1.1. In Table 4 , A is the maximum lateral excursion of the trailing edge of the plate and St is strouhal number, defined by ( 9 ) where f =b •~ Sp is the frequency of undulation and U is the oncoming velocity.
As shown in Table  4 , Sp decreases when b increases to get self-propulsion. Table 4 Computed results for self-propulsion at Re = 1 000, a =0.1 seems to depend on a, b and Sp. As shown in eq. ( 9 ) , these three parameters are combined in one parameter, St (Strouhal number) . Fig. 14 Table 2 ) and the peak value of propulsive efficiency increases. Fig. 5 , it is found that contour line of pressure less than-0.01 shifts to the tail when the profile of the plate is changed into a trapezoid.
That kind of shift can take advantage of the larger area of the trapezoid. 
Concluding remarks

